1. Introduction
===============

Esophageal cancer is the eighth most common cause of cancer death worldwide. There are two main histological types; squamous cell carcinoma (SCC) and adenocarcinoma (ADC). Worldwide, SCC is the predominant histological type. Adenocarcinoma is mainly a disease of developed countries.

The epidemiology of esophageal cancer differs markedly from other epithelial cancers. There is huge variation in incidence worldwide with greater than 100-fold differences observed between high incidence areas such as China and Iran, and low incidence areas such as Western Africa \[[@B1-cancers-02-01379]\]. These wide variations in incidence are often observed between areas in close geographical proximity \[[@B2-cancers-02-01379],[@B3-cancers-02-01379],[@B4-cancers-02-01379]\]. Male to female incidence rate ratio also varies widely with ratios greater than 20:1 in France to near equality or even excess female cases in high incidence areas such as Iran \[[@B2-cancers-02-01379],[@B5-cancers-02-01379]\]. Worldwide, a higher incidence of esophageal cancer is seen in men with an average 3--4 fold increased rate for SCC and a 7--10 fold increased rate for ADC compared to women \[[@B6-cancers-02-01379]\].

This review examines global variation in incidence and temporal trends in epidemiology, and reviews the evidence for the environmental and genetic factors potentially responsible for these differences between SCC and ADC.

2. Methods
==========

MEDLINE and EMBASE were searched independently by two reviewers (RM, OT) for English language articles published between 1972 and February 2010. Search keywords 'esophageal cancer', 'esophageal cancer epidemiology', 'esophageal adenocarcinoma epidemiology', 'esophageal squamous cell carcinoma epidemiology', 'esophageal cancer incidence', 'Barrett's metaplasia' and 'Barrett's esophagus' were used. All obtained articles were reviewed by both reviewers (RM, OT), with additional review of pertinent references from these publications. Where multiple publications from single institutions were found, only the most recent and relevant articles were included.

Sources of epidemiological data for esophageal cancer including incidence, mortality and survival were 'Cancer Incidence in Five Continents' (CI5), volume 9, 2007 and population based registries, including the US Surveillance, Epidemiology and End Results (SEER) registry, GLOBOCAN International Agency for Research on Cancer (IARC) report 2002 and the World Health Organization (WHO) mortality database \[[@B7-cancers-02-01379],[@B8-cancers-02-01379]\]. GLOBOCAN 2002 estimates global incidence of esophageal cancer with publication of total esophageal cancer incidence rates for each country. Where an age-standardized rate (ASR) is included, this is standardized to the world population unless otherwise stated.

3. Results
==========

3.1. Epidemiology
-----------------

Countries with the highest incidence of esophageal cancer for males and females are shown in [Table 1](#cancers-02-01379-t001){ref-type="table"}; trend data for selected high incidence countries is shown in [Figure 1](#cancers-02-01379-f001){ref-type="fig"}. Where the data is available, SCC is the predominant histological type \[[@B7-cancers-02-01379]\].
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###### 

Total esophageal cancer rates for the countries with the highest ASR for males and females from the GLOBOCAN 2002 database (ASR are per 100,000 population) \[[@B1-cancers-02-01379]\].

  Country                                                    Male
  ---------------------------------------------------------- ------------
  Ethiopia                                                   28.1
  China                                                      27.4
  Mongolia                                                   24.5
  Kenya                                                      22.7
  Fiji                                                       21.8
  Kazakhstan                                                 20.9
  Turkmenistan                                               20.8
  South African Republic                                     20.8
  Tanzania                                                   19.9
  Burundi, Comoros, Eritrea, Djibouti, Madagascar, Somalia   19.1
  **Country**                                                **Female**
  Mongolia                                                   19.6
  Iran, Islamic Republic of                                  14.4
  Turkmenistan                                               14.1
  China                                                      12.0
  Sri Lanka                                                  11.8
  Uganda, Kazakhstan                                         11.6
  Kenya                                                      11.4
  Fiji                                                       11.1
  Ethiopia, Qatar                                            10.1
  Malawi                                                     9.9

### 3.1.1. Squamous cell cancer

In the west, the contribution of SCC to the overall burden of esophageal cancer has decreased due to the rapid rise in the incidence of esophageal ADC. The ASR incidence per 100,000 population observed in the majority of developed western countries is less than 3/100,000 ([Table 2](#cancers-02-01379-t002){ref-type="table"}) \[[@B7-cancers-02-01379]\]. Despite this, there are geographical areas in the developed world with high rates of SCC in men, including the Calvados region of France (11.8 per 100,000 population) and north-east Italy (7--9 per 100,000 population) \[[@B7-cancers-02-01379],[@B9-cancers-02-01379],[@B10-cancers-02-01379]\]. In addition to regional differences, variations have been observed between ethnic, socioeconomic groups and genders within the same territory. In the US, the incidence of esophageal SCC varies according to ethnicity, race and gender, with rates in males exceeding those in females in all ethnic/racial groups (see [Table 4](#cancers-02-01379-t004){ref-type="table"}) \[[@B11-cancers-02-01379]\]. During 1977--2005, the SCC rate in black men was four times that of white men (13.6 *vs.* 2.7) \[[@B11-cancers-02-01379]\]. Non-hispanic white males have the lowest incidence (ASR 2.1), American Indians and Alaska Natives the highest (ASR 4.4), and Hispanic (ASR 2.6) and Asian/Pacific Islanders (ASR 3.7) fall in-between (rates are per 100,000 person years, age adjusted to the US 2000 standard population) \[[@B11-cancers-02-01379]\].

Overall, the incidence of SCC is either stable or decreasing in westernized nations, with some exceptions. Increases in SCC were observed in men in Denmark and the Netherlands between 1973 and 2005 \[[@B6-cancers-02-01379]\]. In the US, a decrease has been reported in the incidence of SCC in Blacks, Whites and Hispanics of both sexes; only the rates among Asian/Pacific Islanders did not decrease notably \[[@B11-cancers-02-01379]\]. A significant increase was observed in women in Canada, Scotland, Switzerland and South Australia between 1973 and 2005 \[[@B6-cancers-02-01379]\].

![Mortality trends for esophageal cancer in selected countries with highest incidence, age-standardized rates (world). (**A**) males; (**B**) females. (From the WHO mortality database, International Agency for Research on Cancer.)](cancers-02-01379-g001){#cancers-02-01379-f001}

Some of the highest rates of esophageal cancer worldwide are seen in the 'Central Asian esophageal cancer belt'. This region includes the countries of the Caspian littoral, the central Asian republics, Mongolia and north-western China. Although incidence rates by histological type are often unavailable, cancers are almost exclusively squamous enabling overall rates of esophageal cancer to be used as a surrogate of SCC rates \[[@B12-cancers-02-01379]\]. [Table 3](#cancers-02-01379-t003){ref-type="table"} shows the incidence of esophageal cancer for the Central Asian republics and [Figure 2](#cancers-02-01379-f002){ref-type="fig"} shows their esophageal cancer mortality trend data.
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###### 

Incidence of esophageal squamous cell carcinoma in westernized countries.

                    Country                   Male       Female
  ----------------- ------------------------- ---------- ----------
  *North America*                                        
                    US (SEER 14 registries)   1.8        0.8
                    Canada                    1.5        0.8
  *Europe*                                               
                    Denmark                   2.5        1.1
                    Norway                    1.6        0.6
                    Sweden                    1.5        0.8
                    The Netherlands           2.5        1.3
                    UK (England)\*            1.7--2.7   1.6--2.4
                    Scotland                  3.9        2.6
                    Ireland                   2.4        2.1
                    France Calvados           11.8       1.3
                    Tarn                      3.6        0.4
                    Italy Veneto              4.6        0.9
                    Florence & Prato          1.2        0.3
  *Oceania*                                              
                    Australia (South)         0.9        1.0
                    New Zealand               1.6        1.1

Age standardized rate incidence per 100,000 population over time period 1998--2002; (\* varies by region) \[[@B7-cancers-02-01379]\].

Within high incidence areas there is wide variation in the distribution of disease. In the Caspian littoral, the ASR's between 1968 and 1970 were reported as 109 and 174 per 100,000 population for men and women, respectively, in Golestan (north-east Iran), compared to less than 20 per 100,000 population in the more westerly province of Gilan \[[@B13-cancers-02-01379]\]. The accuracy of this early study was limited by potential diagnostic errors, with an average of 13% of cases having a histological diagnosis and under-reporting, particularly where medical provision was limited. A similar lower incidence rate of 11.4 and 14.0 per 100,000 person years in males and females, respectively, for the Iranian province of Eastern Azerbaijan on the north-west Caspian Littoral was recorded between 1994 and 2003, with a reduction in incidence rates during the study period. This clinic-based retrospective study was limited by the quality of the demographic data available and may have underestimated incidence rates due to patient diagnosis in neighboring provinces \[[@B14-cancers-02-01379]\]. The incidence of esophageal cancer in the high incidence eastern Caspian Littoral also seems to be in decline with more contemporary reports of ASR's of 82.6 and 43.4 per 100,000 in men and 95.7 and 36.3 per 100,000 in women \[[@B15-cancers-02-01379],[@B16-cancers-02-01379]\]. The Golestan Cohort Study, a prospective population study which reported ASR's of 82.6 and 95.7 per 100,000 men and women, respectively, had excellent follow-up with 99.8% four-year follow-up with histological confirmation in all cases \[[@B15-cancers-02-01379]\]. The second retrospective study with reported rates of 43.4 and 36.3 per 100,000 men and women, respectively, may have underestimated rates, with only 68.2% histological confirmation \[[@B16-cancers-02-01379]\]. Some of the variation in incidence within a geographical area may relate to different ethnicities in that area. In Karakalpakstan, the highest incidence reported was in Kazakhs and lowest among Turkmen \[[@B4-cancers-02-01379]\]. The North Indian Kashmir valley that borders the southern Asian esophageal cancer belt is another high risk region, which exhibits variation in incidence over a short distance of 150 km. A prospective study between 1986 and 1989 using histologically proven esophageal cancer reported ASR of 70 per 100,000 men in Islamabad and 17 per 100,000 men in Kupwara. In contrast to other high risk areas (China and Iran), female esophageal cancer rates showed less variability between regions with a greater rate in men compared to women \[[@B3-cancers-02-01379]\]. This study may also have underestimated the true incidence; firstly, not all patients with suspected upper gastrointestinal malignancy have a histological diagnosis, and secondly, in those presenting with metastatic disease, investigation for the primary tumor may not have been undertaken. The Chinese regions of maximum incidence include Cixian in Hebei province and Linxian in Henan \[[@B17-cancers-02-01379]\]. In Cixian the overall incidence of esophageal cancer decreased from 229 to 175 per 100,000 population between 1974 and 1996. This decrease in incidence was most marked in the mountainous regions. Interestingly, an increase was observed over the same period in the dry, plain areas. Furthermore, although a decline was noted in men, the rate in women remained stable \[[@B18-cancers-02-01379]\]. Similar findings were found in Linxian, with declining incidence and mortality rates for esophageal and gastric cardia cancer combined and reduced esophageal cancer rates in Shanghai \[[@B19-cancers-02-01379]\]. Although both these Chinese studies used prospectively collected data, they are subject to inaccuracies arising from changes in diagnostic accuracy, with the potential inclusion of stomach cancers early on, and changes in medical seeking behavior, access to medical services and population mobility.
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###### 

Annual esophageal cancer incidence rates per 100,000 population, age adjusted to the world population for the Central Asian Republics of the Central Asian Esophageal Cancer Belt, taken from GLOBOCAN 2002 \[[@B1-cancers-02-01379]\].

  Country        Male   Female
  -------------- ------ --------
  Kazakhstan     20.9   11.6
  Turkmenistan   20.8   14.1
  Azerbaijan     11.5   7.8
  Uzbekistan     11.3   6.9
  Afghanistan    10.8   8.9
  Kyrgyzstan     9.2    3.5
  Tajikistan     7.2    6.1

South Africa also harbors a high incidence area in the Transkei region with average annual age standardized (to African standard population) incidence rates of 35.2 and 16.7 per 100,000 population for males and females reported for the period 1965--1969. Within the Transkei, a significant variation in incidence both by geography and ethnicity was reported. The Umzimkulu, Mount Fletcher and Matatiele regions, which are mainly populated by Zulu and Basutu, have low incidence and the Thembu, Fingo and Xhosa areas have higher rates \[[@B20-cancers-02-01379]\]. These figures reflect the total reported cases, of which approximately three quarters were medically confirmed, although the mode of confirmation is not stated.

### 3.1.2. Adenocarcinoma

Adenocarcinoma has overtaken SCC as the predominant histological type in most western countries. As a result, most cancers in the west occur in the lower esophagus or at the esophago-gastric junction \[[@B21-cancers-02-01379],[@B22-cancers-02-01379],[@B23-cancers-02-01379],[@B24-cancers-02-01379]\]. The worldwide variation in incidence is less marked than with SCC, but similar to SCC, variations in incidence occur between ethnic groups within a country. A key feature of esophageal adenocarcinoma is its male preponderance, contrasting with the near equivalence of male and female incidence rates of SCC in high risk areas. In general, male to female sex ratios in excess of 4:1 are reported throughout North America, The United Kingdom, Australia, Europe and Scandinavia, with the exceptions of Finland and Switzerland, which have male to female ratios of 1.6 and 2.2, respectively \[[@B6-cancers-02-01379],[@B7-cancers-02-01379],[@B25-cancers-02-01379],[@B26-cancers-02-01379],[@B27-cancers-02-01379],[@B28-cancers-02-01379],[@B29-cancers-02-01379]\]. The distribution of ADC differs by race and gender in the US, see [Table 4](#cancers-02-01379-t004){ref-type="table"}.
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###### 

US esophageal cancer incidence by histologic type, sex and racial/ethnic group (SEER 13 1992--2005).

                                                              Male   Female
  --------------------------- ------------------------------- ------ --------
  *Squamous cell carcinoma*                                          
  White                                                       2.1    1.1
                              Non Hispanic                    2.1    1.1
                              Hispanic                        2.6    0.6
  Black                                                       9.4    3.3
                              American Indian/Alaska Native   4.4    1.1
                              Asian/Pacific Islander          3.7    0.8
  *Adenocarcinoma*                                                   
  White                                                       4.8    0.6
                              Non Hispanic                    5.0    0.7
                              Hispanic                        2.8    0.4
  Black                                                       1.0    0.3
                              American Indian/Alaska Native   2.6    0.8
                              Asian/Pacific Islander          0.8    0.2

Rates are per 100,000 person years, age-adjusted using US 2000 standard population. Extracted from \[[@B11-cancers-02-01379]\].

Adenocarcinoma is predominantly a disease of white men; in the US whites are affected five-times more than blacks (3.7 *vs.* 0.8), and men eight-times more than women \[[@B11-cancers-02-01379],[@B26-cancers-02-01379]\]. Marked increases in esophageal cancer due to increased ADC incidence have been observed in the US, Australia, New Zealand and Europe, see [Figure 3](#cancers-02-01379-f003){ref-type="fig"} \[[@B30-cancers-02-01379]\]. In New Zealand, the increase in incidence is restricted to the non-Maori population \[[@B30-cancers-02-01379]\]. The magnitude of the increase in incidence is large. In the US, increases of 463% (1975--2004, ASR from 1.01 to 5.69/100,000) and 350% (1974--1976 to 1992--1994, ASR from 0.7 to 3.2/100,000) have been reported in white men \[[@B22-cancers-02-01379],[@B24-cancers-02-01379]\]. Similar increases in white females (ASR from 0.1 to 0.4/100,000), and a smaller increase in black males (ASR from 0.4 to 0.6/100,000) between the periods 1974--1976 and 1992--1994 have also been recorded \[[@B24-cancers-02-01379]\]. Increased rates of esophageal ADC have been described in black women and Hispanic men although the rates remained lower than those in white men \[[@B11-cancers-02-01379]\]. The rising incidence is more pronounced in older age groups, with a two-fold increase in incidence seen in men under 65 compared with a 3--4 fold increase in those over the age of 65. A 'birth cohort effect' with a 40% increase in incidence for each five-year increase in date of birth has also been observed \[[@B21-cancers-02-01379],[@B23-cancers-02-01379],[@B24-cancers-02-01379],[@B26-cancers-02-01379]\].

![Mortality trends from esophageal cancer for the Central Asian Republics, age-standardized rates (world). (**A**) males; (**B**) females. (From the WHO mortality database, International Agency for Research on Cancer).](cancers-02-01379-g002){#cancers-02-01379-f002}

![Mortality from esophageal cancer in westernized nations experiencing increased incidence, age-standardized rates (world). (From the WHO mortality database, International Agency for Research on Cancer).](cancers-02-01379-g003){#cancers-02-01379-f003}

The highest incidence of ADC is in the UK with ASR's (European) in 2006 of 14.1/100,000 men and 5.7/100,000 women (Cancer Research UK). Within the UK, there is geographic variation with the highest incidence in Scotland and lowest in Northern Ireland \[[@B7-cancers-02-01379]\]. A comprehensive study which included all esophageal ADC diagnosed 1971--2001 in England and Wales found an increase in ASR every five years of 39.6% (95% CI 38.6--40.6%) and 37.5% (95% CI 35.8--39.2%) in men and women, respectively. The most rapid rise was amongst the most affluent. A birth cohort effect was seen with the risk for those born in 1940 at 10-times greater risk than the 1900 birth cohort \[[@B31-cancers-02-01379]\].

Regional differences in the rate of increase of esophageal ADC incidence have been reported. A six-fold increase in ASR was observed in the West Midlands 1962--1981 \[[@B32-cancers-02-01379]\]. The Merseyside and Cheshire Cancer registry showed an increase in cumulative incidence 1974--1993 from 0.32% to 0.85% in males, and from 0.07% to 0.14% in females. This was almost entirely due to an increase in ADC of the lower esophagus \[[@B33-cancers-02-01379]\]. More modest rises of 4% in men and 17% in women for esophageal ADC are described for the East of England, 1995--2006 \[[@B25-cancers-02-01379]\].

In Europe, the reported rates of changing incidence vary. The Eurocim database has been used for many of these studies over different study periods. The inclusion of different regional cancer registries may explain some of these variations. In the Bas Rhin, Calvados, Doubs and Basel regions of France, an increase in the incidence rate per year of 2.8% in men and 5.5% in women has been reported between 1973 and 1992 \[[@B6-cancers-02-01379]\]. However, a similar study between 1968--1995 found no change in incidence but included only two cancer registries (Bas Rhin and Calvados) \[[@B34-cancers-02-01379]\]. There are similar disparate results on the incidence of ADC in Switzerland, with one study reporting an average annual rise of 4.2% in men and 12.1% in women across Basel and Geneva between 1973--1995, while another report found no change in incidence over a longer study period in Basel \[[@B6-cancers-02-01379],[@B34-cancers-02-01379]\]. Investigators agree on increased rates in Scotland, with average annual rises in incidence of 3.1% (men) and 4.8% (women) \[[@B6-cancers-02-01379],[@B34-cancers-02-01379]\]. Botterweck *et al*. also reported an increasing incidence in Varese in Italy, Slovakia and Iceland, with Ireland and the Eindhoven region of The Netherlands showing steady, unchanging rates over a 12 year period to 1995 \[[@B34-cancers-02-01379]\].

In Scandinavia, the picture is much the same. A study from Norway conducted between 1958 and 1992 showed increasing rates of esophageal ADC \[[@B28-cancers-02-01379]\]. Sweden, Denmark and Finland have all experienced similar rises in esophageal ADC incidence \[[@B6-cancers-02-01379],[@B27-cancers-02-01379],[@B29-cancers-02-01379]\]. In Sweden between 1970 and 2004, an average annual increase of 4.9% (ASR from 0.77 to 3.48 per 100,000 population) in men and 3.9% (ASR from 0.21 to 0.66 per 100,000 population) in women has been reported. Of note, the increasing incidence was seen to be accelerating with a 10% increase in men over the latter 15 years of the study \[[@B29-cancers-02-01379]\].

There have also been reports of increasing incidence of esophageal ADC in Japan which has a low prevalence of esophageal ADC compared to the west. An increase in annual death rate from esophageal ADC from 3.7 to 6.9 per 100,000 population has been observed between 1960 and 1995, with a strong association with gastro-esophageal reflux disease (GORD) \[[@B35-cancers-02-01379]\].

3.2. Etiology
-------------

### 3.2.1. Squamous Carcinoma

Although a number of factors have been implicated, a common etiology and pathogenesis for SCC is yet to be established. One of the most obvious associations is with poverty: with an increasing risk of SCC associated with a decline in socioeconomic status both between and within nations \[[@B36-cancers-02-01379],[@B37-cancers-02-01379]\].

#### 3.2.1.1. Diet

Diets lacking fresh fruit and vegetables have been associated with increased esophageal cancer risk in a variety of observational studies conducted in China, France and Iran \[[@B36-cancers-02-01379],[@B38-cancers-02-01379],[@B39-cancers-02-01379],[@B40-cancers-02-01379],[@B41-cancers-02-01379]\]. The incidence of esophageal SCC drops sharply from east to west along the Iranian Caspian littoral from the semi-desert conditions of Golestan towards Gilan which enjoys a subtropical climate, suggesting that climate and the ecosystem, including soil type may be important in the pathogenesis of esophageal SCC \[[@B2-cancers-02-01379]\]. A similar association was noticed in Kazakhstan, where decreased incidence appeared to correlate with increased rainfall \[[@B2-cancers-02-01379]\]. Zinc deficiency has been proposed as a risk factor for esophageal SCC and linked to poor soil conditions in high risk areas of Iran \[[@B2-cancers-02-01379]\]. Zinc deficiency has been shown to enhance carcinogenesis in experimental models of esophageal cancer. Low zinc levels in esophageal biopsies have been correlated with subsequent risk of esophageal SCC in Linxian, China \[[@B42-cancers-02-01379]\]. Selenium status has also been inversely related to SCC risk in China with low serum levels associated with increased risk \[[@B43-cancers-02-01379],[@B44-cancers-02-01379]\]. In the high incidence area of Iran, however, selenium levels were normal \[[@B15-cancers-02-01379],[@B45-cancers-02-01379]\].

Hot beverage consumption has been related to increased risk of SCC in South America, Iran, Japan and Singapore \[[@B7-cancers-02-01379],[@B46-cancers-02-01379],[@B47-cancers-02-01379],[@B48-cancers-02-01379],[@B49-cancers-02-01379]\]. However, there is a lack of clarity in the evidence due to difficulties in reliably measuring quantities and temperature of hot drinks consumed. A more recent study carried out in the high risk region of Golestan, Iran, showed increased risk associated with the consumption of hot black tea (odds ratio 2.07, 95% confidence interval 1.28 to 3.35) or very hot black tea (8.16, 3.93 to 16.9) compared to warm or lukewarm black tea. Likewise, increased risk was associated with drinking tea less than three minutes after pouring compared to drinking tea four or more minutes after pouring \[[@B50-cancers-02-01379]\]. Direct and indirect mechanisms have been proposed by which thermal injury may contribute to increased esophageal cancer risk. These include chronic inflammation which may stimulate endogenous formation of reactive nitrogen species and impaired barrier function which may increase the risk of damage by intraluminal carcinogens. Other studies have suggested that carcinogenicity cannot be attributed to the liquid temperature alone and that beverage constituents may play a role. Polycyclic aromatic hydrocarbons (PAH) have been proposed, they are found in mate, a herbal tea consumed in South America which may increase the risk of esophageal cancer even at low temperatures if consumed in sufficient quantities \[[@B46-cancers-02-01379],[@B51-cancers-02-01379],[@B52-cancers-02-01379]\]. Despite these difficulties, hot beverage consumption remains an attractive hypothesis in the etiology of esophageal SCC in some high risk areas such as Golestan because, in contrast with other risk factors such as smoking, opium and alcohol consumption, tea drinking is common with lifelong exposure and is equally distributed between the sexes.

Silica has been proposed as an esophageal carcinogen, with abnormally high levels described in the mucosa of esophageal cancer patients in Northern China \[[@B53-cancers-02-01379]\]. In high incidence areas of SCC, significant silica contamination of common foodstuffs has been described, for example millet bran in Northern China, wheat flour in Iran and porridge made from 'Cape Chervil' in The Transkei, South Africa \[[@B53-cancers-02-01379],[@B54-cancers-02-01379],[@B55-cancers-02-01379]\]. A case-control study showed increased esophageal cancer risk with industrial silica exposure in China \[[@B53-cancers-02-01379],[@B56-cancers-02-01379]\].

#### 3.2.1.2. Alcohol and Tobacco

The importance of alcohol consumption and smoking in the etiology of esophageal SCC is accepted in western populations. In a US case-control study, the odds ratios for developing esophageal SCC in smokers were 3.1 and 2.5 for white and black males, respectively \[[@B37-cancers-02-01379]\]. Alcohol and tobacco use accounts for the majority of the excess risk of developing SCC in US black males \[[@B37-cancers-02-01379],[@B57-cancers-02-01379]\]. The decline in cigarette smoking by more than a third in US males in the latter part of the twentieth century may have contributed to the observed decline in SCC \[[@B24-cancers-02-01379]\]. Smoking and alcohol consumption play a less significant role in the pathogenesis of esophageal SCC in the high risk areas of the central Asian esophageal cancer belt. In Linxian, a history of smoking was associated with a relative risk of 1.3 of developing SCC and long term smoking conveyed a two-fold risk \[[@B41-cancers-02-01379],[@B58-cancers-02-01379]\]. In Sichuan, odds ratios for the development of esophageal cancer of 4.06 and 2.49 for smoking and alcohol were found \[[@B38-cancers-02-01379]\]. The effect appeared synergistic with an odds ratio of 8.86 for both factors combined \[[@B38-cancers-02-01379]\]. In Golestan, Iran, smoking is associated with a moderately increased risk of esophageal cancer, with a reported prevalence of ever having smoked in the general population of 11%, compared with 25% and 27% of those who developed ADC and SCC respectively reporting a smoking history \[[@B12-cancers-02-01379],[@B15-cancers-02-01379]\]. Alcohol consumption is rare in Golestan and is unlikely to be a major cause of esophageal SCC in thisregion \[[@B15-cancers-02-01379],[@B59-cancers-02-01379]\].

#### 3.2.1.3. Opium and Nass

Opium use is common (estimated 6--14%) in the high risk areas of the Iranian Caspian littoral. Smoking and chewing opium in the form of sukhteh, a cheap alternative that remains in the pipe after smoking, has been shown to be carcinogenic to esophageal mucosa \[[@B12-cancers-02-01379],[@B15-cancers-02-01379],[@B60-cancers-02-01379]\]. A correlation between esophageal cancer risk and urinary opium metabolites has been reported across the Iranian Caspian littoral \[[@B60-cancers-02-01379]\]. Reduced rates of SCC occur alongside decreased opium consumption \[[@B15-cancers-02-01379],[@B16-cancers-02-01379],[@B61-cancers-02-01379]\]. The importance of smoking and opium use in the pathogenesis of esophageal SCC in the high risk areas of China and Iran has to be questioned when one considers the relatively high rates of SCC in women compared to men, where the proportion of women who have ever smoked or used opium is small \[[@B15-cancers-02-01379],[@B58-cancers-02-01379]\]. Nass (a mixture of tobacco and lime) chewing peculiar to Turkmen males in Golestan was postulated to be a risk factor for esophageal SCC. This has not been borne out by epidemiologic studies, which showed low levels of use in the general population (in the Golestan Cohort Study 2008) and among esophageal cancer patients in the Atrak clinic study 2001--2003 \[[@B12-cancers-02-01379],[@B15-cancers-02-01379],[@B36-cancers-02-01379]\].

#### 3.2.1.4. Chemical Carcinogens

Polycyclic aromatic hydrocarbons (PAH) produced by the partial combustion of organic materials have also been implicated. Histopathological studies comparing SCC in Linxian, China with SCC and ADC specimens from the US found increased anthracotic lymph nodes and arteriosclerotic vessels and it was postulated that this may represent histopathological evidence of high level environmental PAH exposure \[[@B62-cancers-02-01379]\]. In the northeast of Iran, two studies have reported urinary levels of a PAH metabolite indicating exposure in greater than 40% of individuals tested, independent of sex, area of residence, smoking, nass or opium use. This paralleled the incidence pattern of SCC \[[@B15-cancers-02-01379],[@B63-cancers-02-01379]\]. *N*-nitroso compounds have been demonstrated to be carcinogenic for esophageal cancer in animal studies \[[@B64-cancers-02-01379]\], but evidence of their importance in the etiology of SCC from epidemiologic studies is conflicting \[[@B65-cancers-02-01379],[@B66-cancers-02-01379]\].

#### 3.2.1.5. Chronic Inflammation

High rates of chronic non-erosive esophagitis have been described in China, Iran and the Transkei areas with high rates of SCC. In China, 65% of males and 63.5% of females from a high risk population undergoing endoscopy had biopsy-proven chronic esophagitis \[[@B67-cancers-02-01379]\]. In a similar study in northern Iran, chronic esophagitis was seen in 80%, with a very high incidence even in young patients \[[@B68-cancers-02-01379]\]. In the Transkei, 24% of adults from a high risk area had esophagitis detected by esophageal cytology smears; significantly greater than in an adjacent low risk area \[[@B69-cancers-02-01379]\]. The chronic non-erosive esophagitis observed in both Iran and China was histologically distinct from the erosive esophagitis seen in western populations associated with GORD. Chronic non-erosive esophagitis has therefore been considered a precursor to invasive SCC.

A recent study carried out in the same high risk region of China, followed a cohort of patients with cytological diagnoses of normal esophageal epithelium, esophagitis, esophageal dysplasia, or carcinoma *in situ* over 13.5 years. Esophagitis conferred no greater risk of invasive SCC than those with normal esophageal epithelium. The risk of subsequent esophageal cancer increased with the degree of dysplasia, with high grade dysplasia and carcinoma *in situ* having a similar risk \[[@B70-cancers-02-01379]\]. This study brings into question the role of chronic inflammation in the pathogenesis of esophageal SCC.

In the west, chronic esophagitis usually results from GORD, and may be erosive or non-erosive. The risk of erosive esophagitis in patients with reflux symptoms is increased by smoking and alcohol consumption \[[@B71-cancers-02-01379]\]. Despite an endoscopic survey in the high risk area of Normandy that showed a prevalence of histologically-proven chronic esophagitis of 63%, there was no convincing evidence that this increased the risk of SCC \[[@B72-cancers-02-01379]\].

Achalasia has been associated with an increased risk of esophageal SCC, but the magnitude of risk is uncertain. In a cohort of 124 achalasia patients undergoing 1--2 yearly endoscopy for an average of 5.6 years in a single institution from 1982, the risk of developing SCC was 140-times the general population \[[@B73-cancers-02-01379]\]. A more recent study, which included 226 patients post cardiomyotomy and partial fundoplication with 18.3 years average follow-up, found an increased risk of SCC only in men with a standardized mortality ratio of 11.01 \[[@B74-cancers-02-01379]\]. Chronic inflammation caused by the retention of fermenting food debris has been proposed as the likely mechanism.

Caustic injury causes intense inflammation and stricturing, and increases the risk of esophageal SCC approximately 1000-fold \[[@B75-cancers-02-01379],[@B76-cancers-02-01379]\]. The time from ingestion to presentation varies, but an interval of 20--40 years is common. Because accidental ingestion often occurs in children, the resulting tumors tend to be observed in a younger age group than other esophageal cancers \[[@B76-cancers-02-01379],[@B77-cancers-02-01379]\].

#### 3.2.1.6. Genetic Susceptibility

The epidemiologic evidence presented shows environmental risk factors for SCC. However, only a subset of exposed individuals will develop SCC, suggesting that genetic factors may be involved in its pathogenesis. The 'Asian esophageal cancer belt' largely corresponds with trade routes, especially the Silk route. It has been proposed that the spread of environmental or lifestyle risk factors common to the Turkic tribes and Mongol conquerors who traded and settled this region may be important. Early epidemiologic studies suggested increased susceptibility amongst Turkmen compared to Persians in the high risk Caspian littoral of Iran and proposed that the high incidence of esophageal SCC along the trade route may be due to high penetrance of susceptibility genes spread by Turkmen and similar groups, who had a nomadic lifestyle and migrated from East Asia and inhabit much of the Silk Route, possibly as a result of trading activity. A case control study performed in northeast Iran compared the pedigrees of Turkmen SCC patients with the pedigrees of matched Turkmen controls. They demonstrated that the risk to age 75 of esophageal cancer in the first-degree relatives of Turkmen patients with esophageal cancer was 34% *versus* 14% for the first-degree relatives of controls (hazard ratio: 2.3). The authors concluded that the findings were consistent with an important contribution of heritable factors to the pathogenesis of esophageal cancer in this population \[[@B78-cancers-02-01379]\]. A study reported in 2004 suggested that the risk of developing esophageal SCC in north-east Iran was the same among Turkmen and non-Turkmen \[[@B12-cancers-02-01379]\].

Although a number of genetic abnormalities have been associated with esophageal cancer, these vary between high risk populations and no single gene has been identified as pivotal in the pathogenesis of esophageal cancer. Genetic polymorphisms in STK15 and MMP-2 have been associated with increased risk of esophageal cancer in Mongolia. However, their frequency was significantly different in a high risk Han Chinese population suggesting differences in genetic susceptibility to esophageal cancer between high risk regions \[[@B79-cancers-02-01379]\].

Alcohol dehydrogenases (ADH) oxidize ethanol to acetaldehyde, which is in turn oxidized to aldehyde by aldehyde dehydrogenase (ALDH). Acetaldehyde has been demonstrated to be carcinogenic and therefore genetic variations resulting in functional differences in ADH and ALDH activity which lead to increased levels of acetaldehyde in drinkers may be important \[[@B80-cancers-02-01379]\]. A number of the ADH and ALDH families have been implicated in the pathogenesis of SCC \[[@B81-cancers-02-01379]\]. The ability to metabolize acetaldehyde is encoded by the ALDH2 gene with the ALDH2\*2 allele producing an inactive protein, unable to metabolize acetaldehyde. Interestingly, compared to ALDH2\*1\*1 homozygotes individuals who are ALDH2\*2\*2 homozygotes are protected from SCC whilst ALDH2\*1\*2 heterozygotes have increased risk. In ALDH2\*1\*2 heterozygotes the increased risk was modified by alcohol consumption with no appreciable increase in risk among non-drinkers, moderately increased risk in moderate drinkers (OR 2.49; 95% CI 1.39--4.49) and the highest risk (OR 7; 95% CI 3.07--13.6) in heavy drinkers \[[@B82-cancers-02-01379],[@B83-cancers-02-01379]\]. It has been proposed that genotype at the ALDH locus may influence SCC risk by two mechanisms, by modifying alcohol intake and by influencing acetaldehyde levels and therefore that the protective effect of the inactive genotype ALDH2\*2\*2 may be mediated through lower alcohol intake because of the adverse facial flushing they experience on alcohol consumption due to acetaldehyde accumulation. The genotype ALDH2\*504Lys also functions as a dominant negative, reducing activity in heterozygotes and abolishing activity in homozygotes. Its distribution has been mapped globally, and is restricted to East Asia with the highest frequency occurring in southern China with frequencies declining radially through China, Japan, Korea, Mongolia and Indochina. Although its distribution does not coincide with the area of highest incidence in China, it has been suggested that the genotype was carried by Han Chinese as they spread throughout East Asia. Of interest, low frequencies of ALDH2\*504Lys are also seen in Kazakhstan and Tajikistan, areas of moderate to high esophageal cancer incidence \[[@B1-cancers-02-01379],[@B84-cancers-02-01379]\]. However, this hypothesis does not explain the dominant contribution of alcohol to the risk of esophageal SCC in Western populations where the inactive ALDH allele is not observed \[[@B84-cancers-02-01379]\].

A comprehensive Japanese two-step genome wide association study including 1070 SCC cases and 2836 controls identified significant associations of SCC with single nucleotide polymorphisms (SNP) in ADH1B and ALDH2 with odds rations of 1.85 (95% CI 1.03--3.34) and 1.66 (1.11--2.50) respectively. They went on to perform logistic regression analysis to estimate gene-gene and gene-environmental interactions and found that increased risk in ALDH2 polymorphism was increased to a greater extent amongst smokers, those with heavy alcohol consumption and in the young population, whereas risk with ADH1B polymorphism was accentuated only with alcohol. Polymorphisms at both loci acted synergistically with an OR for SCC *versus* a no risk genotype of 16.17 (11.55--22.65); individuals with both genetic polymorphisms who smoked and had heavy alcohol consumption exhibited a 190-times higher risk than those who had neither \[[@B85-cancers-02-01379]\]. Acetaldehyde is a component of cigarette smoke which may explain the synergistic effect of smoking and ALDH2 mutation on SCC risk.

Polymorphic variation in the DNA repair capacity genes XPD and MGMT as well as ALD2 have been associated with increased esophageal SCC susceptibility in a Chinese population study \[[@B86-cancers-02-01379]\]. Xenobiotics are thought to be activated to carcinogens by phase 1 enzymes and subsequently detoxified by phase 2 enzymes such as cytochrome p450 1A1 (CYT1A1) and glutathione *S*-transferase M1 (GSTM1) and that decreased phase 2 enzymes may increase carcinogen activity \[[@B87-cancers-02-01379]\]. Another study investigated the incidence of the null genotype (homozygous deletions resulting in absent enzyme activity) of glutathione-S-transferase M1 (GSTM1) in three Chinese minorities, Kazakh, Uygur, and Tajik that experience varying incidence of esophageal SCC in a high incidence area. They found a high frequency in GSTM1 null genotype in all three ethnic groups (47.4--62.63%) with differing frequencies between the groups and an association with poorly differentiated SCC. However, a recent meta-analysis investigating GSTM1 and CYP1A1 polymorphisms found that CYP1A1 exon 7 polymorphism was associated with increased risk in Asians only but that GSTM1 polymorphism was not associated with SCC risk \[[@B87-cancers-02-01379]\].

Recently, interest has turned to microRNAs (miRNA). These are a class of small non-coding RNAs that function as post-transcriptional regulators of gene expression which are involved in cell differentiation, proliferation and apoptosis and may function as oncogenes and tumor suppressor genes \[[@B88-cancers-02-01379]\]. Aberrant miRNA expression involving a whole host of specific miRNAs has been identified in esophageal SCC and ADC, with each having a different miRNA profile in keeping with different etiologic characteristics and potentially involved in their carcinogenesis \[[@B89-cancers-02-01379]\]. RNA-specific endonucleases (RNASEN) are involved in cleaving precursor miRNA in a stepwise fashion to generate mature miRNA and have been implicated in the development of SCC with amplification of RNASEN reported in SCC specimens and growth suppression of SCC cell lines with RNASEN inhibition \[[@B90-cancers-02-01379]\].

### 3.2.2. Adenocarcinoma

As well as the artifactual change due to improvements in histological verification with less cases of esophageal cancer being classified 'unspecified' and changes in the classification of tumors at the gastro-esophageal junction, the widespread increase in incidence appears to be a real and sustained phenomenon. The etiology of esophageal adenocarcinoma is strongly linked to gastro-esophageal reflux disease (GORD), Barrett's esophagus and obesity. Smoking, although less important than in the etiology of SCC in the west, appears to increase the risk of ADC, possibly by reducing lower esophageal sphincter pressure and promoting reflux \[[@B91-cancers-02-01379]\].

#### 3.2.2.1. GORD

Gastro-esophageal reflux disease is an important risk factor for ADC. The reported strength of association between GORD and ADC varies \[[@B92-cancers-02-01379]\]. Three UK studies have estimated the risk of developing esophageal ADC in patients with GORD, esophagitis or Barrett's esophagus and found relative risks (RR) of 30 for Barrett's; 4.5 and 6.9 for esophagitis; and 3 and 1.67 for GORD compared to reference cohorts \[[@B93-cancers-02-01379],[@B94-cancers-02-01379],[@B95-cancers-02-01379]\]. Interestingly, an increase in GORD has been reported in US veterans, and if widespread, may have contributed to the increased incidence of ADC \[[@B96-cancers-02-01379]\].

#### 3.2.2.2. Barrett's Metaplasia

It is widely accepted that esophageal adenocarcinoma arises predominantly in Barrett's esophagus consequent to reflux \[[@B97-cancers-02-01379]\]. Factors involved in the transition from esophagitis to columnar (Barrett's) epithelium involve acid and bile reflux facilitated by a weak lower esophageal sphincter with increased transient relaxations, compromised esophageal clearance and esophageal dysmotility \[[@B17-cancers-02-01379]\]. The presence of intestinal metaplasia (IM) within the columnar segment appears important in the progression to neoplasia. Intestinal metaplasia is probably an adaptive phenomenon, with mucous production by goblet cells increasing mucosal defences to noxious refluxate. Why this remains stable in some patients and becomes unstable in others remains unknown. Duodeno-gastro-esophageal reflux including bile salts has been implicated in the pathogenesis of Barrett's esophagus and progression to ADC. The increasing use of acid suppressive drugs which raise the pH of the refluxate has been suggested as a contributor to the increasing incidence of Barrett's esophagus and ADC \[[@B6-cancers-02-01379],[@B98-cancers-02-01379]\]. Experimental animal studies show that gastro-duodenal reflux causes esophageal cancer, of which the majority are adenocarcinoma \[[@B99-cancers-02-01379]\].

Much attention has been focused on the declining prevalence of *H. pylori* infection as the incidence of esophageal ADC has increased and there are conflicting reports regarding the relationship between *H. pylori* infection and risk of esophageal ADC. A number of studies have found that infection with cagA+ *H.pylori* strains is associated with a decreased risk of esophageal and cardia ADC \[[@B100-cancers-02-01379],[@B101-cancers-02-01379]\]. However, a population based study in Los Angeles found no evidence that CagA+ strains of *H.pylori* reduce the risk of esophageal ADC \[[@B102-cancers-02-01379]\]. More studies are warranted to establish the potential inverse relation between *H. pylori* and the risk of esophageal adenocarcinoma. *H. pylori* infection is characterized by either pan-gastritis with hypochlorhydria or antral gastritis with acid hypersecretion. The host inflammatory response modulated by pro-inflammatory polymorphisms in IL-1β and TNFα are two factors that have been found to distinguish between subjects who will develop the hypochlorhydric atrophic phenotype in response to *H pylori* and those who manage to limit the infection to a smaller area and offer better protection of their corpus function \[[@B103-cancers-02-01379]\]. This may help to explain the differing results of studies examining the effect of *H. pylori* infection on esophageal ADC. It has been proposed that pan-gastritis with atrophy may be associated with decreased risk of ADC due to hypochlorhydria with less acid available to damage the esophageal mucosa.

Reports of the rate of progression from Barrett's metaplasia to invasive cancer vary with the population studied between 1 per 100 and 1 per 200 patient years, with the risk of esophageal ADC increased 30-fold by the presence of Barrett's \[[@B104-cancers-02-01379],[@B105-cancers-02-01379],[@B106-cancers-02-01379]\]. Risk of progression is increased by male sex, current smoking, obesity, the presence of long segment Barrett's and ulceration. There is evidence that the risk of developing adenocarcinoma in Barrett's is declining. This may be due to differences in patients being recruited to and adhering to surveillance programmes. Other possible explanations for the declining rate of ADC in Barrett's may be effective treatment with anti-reflux therapy, or the use of NSAIDs and aspirin which have been associated with regression of Barrett's and reduced risk of esophageal cancer respectively \[[@B107-cancers-02-01379]\]. In terms of explaining the rapid increase in the incidence of esophageal ADC, an increase in Barrett's esophagus of 41% in men and 23% in women from 1996--1999 that was not due to changes in endoscopic practice or histopathologic criteria has been reported in a Dutch study \[[@B108-cancers-02-01379]\].

#### 3.2.2.3. Obesity

The increased incidence of obesity has paralleled that of esophageal ADC with studies from the US demonstrating this between 1990--2000 by age and sex from SEER data and an increase in overweight individuals by 8% between the periods 1976--1980 and 1988--1991 \[[@B109-cancers-02-01379],[@B110-cancers-02-01379]\]. Subsequently, obesity has been investigated as a potential etiological factor. It has been proposed that obesity might increase the risk of esophageal ADC by increasing intra-abdominal pressure and predisposing to gastro-esophageal reflux. A number of case control studies have investigated the effect of obesity on the risk of esophageal ADC, and have found that the highest risk was associated with individuals with a body mass index (BMI) in the top 10% (OR 2.5 95% CI 1.2--5.0) or in the highest *vs.* the lowest quartile of BMI (OR 3.1, CI 1.8--5.3) \[[@B111-cancers-02-01379],[@B112-cancers-02-01379]\]. A third study had similar findings, reporting a dose dependent relationship, with increasing risk of esophageal ADC seen with increasing BMI (BMI \> 25 kg/m^2^: OR 1.67 (95% CI 1.22--2.3) and BMI \> 35 kg/m^2^: OR 3.68 (95% CI 1.81--7.51)). This effect was independent of gastro-esophageal reflux, suggesting that the risk of esophageal ADC in obesity may not be mediated through excess reflux as has been proposed \[[@B113-cancers-02-01379]\]. However, the severity-dependent risk factors for esophageal ADC, obesity and GORD seem to increase the risk in a multiplicative way, with the greatest risk observed with obesity and reflux disease (adjusted odds ratio 179.2) \[[@B114-cancers-02-01379]\]. A prospective nested case control study carried out in the UK between 1994 and 2001 found that the effect of BMI on esophageal ADC risk varied with sex. Interestingly, increased risk of esophageal ADC was restricted in women to those who were obese with a BMI \> 30 kg/m^2^ whilst in men the risk of esophageal ADC started to climb at more modest weight increases with a BMI \> 25 kg/m^2^ \[[@B113-cancers-02-01379]\].

Subsequent to the reports of obesity as a risk factor for esophageal ADC, its effect on the development of Barrett's esophagus has attracted interest. A meta-analysis including nine studies that compared patients with Barrett's esophagus with GORD patients found no difference in their BMIs (OR 0.99 per kg/m^2^; 95% CI 0.97--1.01), while the pooled estimate of three studies comparing Barrett's esophagus with general population controls was 1.02 per kg/m^2^ (95% CI 1.01--1.04). They concluded that obesity was an indirect risk factor for Barrett's esophagus and mediated its effect through its precursor lesion, GORD \[[@B115-cancers-02-01379]\]. Of interest, an inverse association between the anti-inflammatory, low molecular weight form of adiponectin and Barrett's esophagus has been noted among patients with GORD \[[@B116-cancers-02-01379]\]. Furthermore, abdominal (male pattern) body fat has been identified as a strong predictor of progression of Barrett's esophagus to ADC \[[@B117-cancers-02-01379]\]. This may help to explain the high male to female ratio of ADC and the increased risk of progression of Barrett's esophagus in males.

#### 3.2.2.4. Genetic Susceptibility

A genetic susceptibility to esophageal ADC was suspected when familial clustering of esophageal ADC and Barrett's esophagus were reported \[[@B81-cancers-02-01379],[@B118-cancers-02-01379]\]. Furthermore, Barrett's esophagus has been confirmed in first or second degree relatives of 7.3% of patients presenting with Barrett's esophagus, esophageal or gastro-esophageal junction ADC \[[@B119-cancers-02-01379]\]. A number of candidate genes have been proposed including polymorphisms in enzymes involved in the detoxification of xenobiotics, but none have been proven to increase risk of Barrett's esophagus or ADC and further studies are required \[[@B81-cancers-02-01379]\]. MicroRNAs have also been implicated in the pathogenesis of ADC with different miRNA expression profiles in normal squamous epithelium, Barrett's metaplasia, Barrett's metaplasia with high grade dysplasia, ADC and SCC \[[@B89-cancers-02-01379],[@B120-cancers-02-01379],[@B121-cancers-02-01379]\]. Of particular importance is the identification of different miRNA profiles between Barrett's esophagus with high grade dysplasia and normal squamous epithelium or Barrett's with low grade dysplasia which may be important in disease progression to ADC and may be markers of tumor progression which may have potential in developing biomarkers for identifying patients with Barrett's esophagus who are at high risk of progression to ADC to be selected for aggressive treatment \[[@B120-cancers-02-01379]\].

4. Summary
==========

In summary, the epidemiology of esophageal cancer is changing. Quantifying the contribution of environmental and genetic factors to esophageal cancer risk is limited by the quality of data from many countries. In the west, there has been a dramatic increase in the incidence of esophageal ADC with a less marked but consistent reduction in the incidence of squamous cell carcinoma. The duration and final magnitude of the increase in incidence of ADC remains speculative but there is some evidence that it may be slowing down. One study from the UK examining incidence trends of ADC to 2006 demonstrated a possible levelling off in the rate of increase \[[@B25-cancers-02-01379]\]. The wide variation in incidence of ADC between countries remains unexplained. However, the increase in ADC appears to be due, at least in part to the increase in obesity which increases the risk of Barrett's esophagus through increased GORD. Furthermore, central obesity may promote the progression of Barrett's esophagus to adenocarcinoma although more work is needed. The decrease in SCC observed throughout almost all high risk regions, as well as in westernized nations may be attributable to declines in smoking and moderate to high alcohol consumption and dietary improvements with increased intake of fresh fruit and vegetables alongside improvements in socioeconomic status and poverty. Understanding the genetic changes that are specific to groups which are defined by ethnicity that render them susceptible to environmental carcinogens which may also be geographically or culturally restricted may shed light on the etiology and geographic variation of both SCC and ADC.
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